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Abstract 
Financing companies are regularly faced with decision-making in the business process. They are often challenged to carefully 
select the right proposals as it is one among decision-makings that contribute to the company financial performance. 
Unfortunately, many venture capital companies in Indonesia perform the selection process based on some quick analysis methods 
while the criteria to be considered are multiple. Some of the criteria are possibly dependent to each other. This research attempted 
to apply Analytic Network Process (ANP) to support the decision-making process in the observed company. As ANP does not 
work optimally in the case where the number of alternatives is large, we performed an initial selection process by employing two 
criteria as filters to reduce the available alternatives. The process continued by applying ANP to the ten selected criteria from 
which ranking of each alternative was produced. One-by-one elimination rank was also used as an approach in the analysis. The 
result has shown that ANP was capable of providing a good and structured decision preview in the decision-making process. 
Analysis also found that when several alternatives were removed from the calculation, the resulted ranks also changed. 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the organizing committee of the Industrial Engineering and Service Science 2015 (IESS 
2015). 
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1. Introduction 
As one of economy pillars in Indonesia, the role of micro, small, and medium enterprises (MSMEs) are 
important. Indonesian government has committed to the improvement of MSMEs potency and competitiveness. It is 
shown in the issued policies in the last few years that support the growth of MSMEs. One of them is Regulation 
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number 18 of the Minister of Finance of the Republic of Indonesia in 2012 [1]. This regulation has defined the 
venture capital company (VCC) as a business entity performing venture capital financing to other enterprises that 
received financial aid (Investee Company) for a certain period in form of any of three business schemes: equity 
participation, quasi equity participation, and revenue sharing. VCCs is one of funding sources for MSMEs. The 
financial support from VCCs is recently more encouraged especially with the incoming ASEAN Economic 
Community (AEC) at the end of 2015. One of the AEC principles is single market and production base, which allow 
five-core elements: free flow of goods, free flow of services, free flow of investment, free flow of capital, and free 
flow of skilled labor [2]. This is a big challenge for the current MSMEs and those that are not ready will probably 
suffer losses from the competition. 
Losses are the most undesired thing for MSMEs, as well as for VCCs as one of capital sources for MSMEs. With 
the business available schemes stated in the regulation, the success of MSMEs will also affect VCCs business 
performance as well. Equity participation allows partial ownership in exchange of financing [3], while revenue 
sharing splits the business profit and losses between the company and the partners [4]. Thus, the success of the 
VCCs will also rely on the how good the performance of the selected MSMEs to be funded. In this research, we 
observed the case of decision-making process at PT Sarana Jatim Ventura (SJV), a venture capital company. To 
improve the company financial performance, the current weekly basis decision-making that heavily relies on a quick 
analysis selection process should be revisited.  
With the equity participation program instructed by the government, the company thinks that it may be necessary 
to prolong the period of decision-making. The longer period will allow the company to obtain better information 
about the MSMEs’ real condition before finally approving the funding. Adequate and reliable information is 
expected to bring out a good decision. In the other hand, longer decision-making period means higher candidates in 
the selection process. For example, if every week the company receives about 10 proposals, a month decision-
making period would involve about 40 proposals in the process. 
Currently the decision-makers in the company use seven main criteria. These criteria included MSMEs 
performance in aspects of management, finance, market, technical, social, collateral, and external. Some of these 
criteria, as we can see in general, are actually connected and may be influencing each other. For example, market 
condition will affect financial performance, whilst management will affect almost any other criteria in the list. Under 
that circumstance, AHP is not the best approach to this selection process. AHP works under an assumption that 
every criteria is independent, cannot affect nor be affected by others. Thus, this research attempted to apply analytic 
network process (ANP) in the case. ANP is expected to produce rank for each proposal as a basic measurement to 
determine which proposal is better than the others. 
2. Literature Review 
2.1. Multi criteria decision making 
Every day we are faced with various decision-makings. Each decision has its own different characteristic. There 
are four main groups of decision type: choice problem, sorting problem, ranking problem, and description problem 
[5]. A decision making that takes multiple criteria into consideration is known as Multi-Criteria Decision Making 
(MCDM) or Multi Criteria Decision Analysis (MCDA). Topic in MCDA has been widely discussed in research and 
publications. It is sometimes also known as multi-attribute decision analysis (MADA), a discipline that encompasses 
mathematics, management, informatics, psychology, social science and economics [5]. It can also be seen as a way 
to view a complex problem, whether with monetary objective or not, divided into smaller parts to simplify decision 
making [6]. Many techniques have been introduced to evaluate, rank, and select alternative under the environment 
of multi-criteria decision making. The techniques include Analytic Hierarchy Process (AHP), ANP, MACBETH, 
PROMETHEUS, ELECTRE, TOPSIS, Goal Programming, and Data Envelopment Analysis (DEA). Every method 
offers advantages and disadvantages and fit certain type of problem. Among the available tools, ANP is one that 
consider dependency between criteria. 
2.2. Analytic Network Process (ANP)  
ANP can be seen as an improved version of AHP. If AHP assumes that every criterion is independent, ANP 
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removes this assumption. In reality, we rarely find criteria that are independent to any other criteria. Considering the 
fact, ANP employs network-like model whilst AHP uses hierarchy model. ANP is capable of producing ranking, 
while at the same time accommodating dependent criteria [5]. This capability has made ANP widely used in 
MCDM environment. Many attempts have also been made to improve the performance of decision-making 
process by combining ANP with other methods, for example Fuzzy-ANP [7][8], ANP-QFD [9][10], ANP and 
PROMETHEE [11], and ANP-TOPSIS [12]. 
However, when a case involves a large number of criteria and alternatives, the amount of t ime needed to 
complete the pairwise comparison in the ANP will be considerably long. In addition, pairwise comparison value 
might be inconsistent due to this massive number of comparison [13]. Therefore, reducing the number of 
alternatives and criteria would make ANP more applicable.  
 
Fig. 1. Five-Cluster ANP Network with Feedbacks [5] 
3. Methodology 
The research used data collected from the observed company. The data included selection criteria, relationship 
among criteria, and the submitted funding proposals. Data processing consists of two steps: initial selection using 
Buffa & Sarin approach and the use ANP to obtain the rank of the remaining proposals. Sensitivity analysis will 
then be performed to the ranking to find out which criteria are most influencing to the result. 
Buffa & Sarin (1987) approach is used to reduce the number of initially available alternatives before the 
pairwise comparison is performed. The approach was initially developed for location problem analysis. The 
approach employed three factors in determining the best location alternatives: critical factor (CF), objective factor 
(OF), and subjective factor (SF) [14]. In this research, we will use critical factors in the initial selection process. 
Critical factors are the condition that determine whether or not the alternatives will be considered. When proposal 
satisfies the factor, the value is 1, otherwise is 0. Only proposal with value 1 may continue to the selection process 
using ANP. This approach is expected to significantly reduce the number of proposal alternatives which in turn will 
shorten the required time to perform pairwise comparison.  
ANP selection will produce two results, the original rank from the process and the rank resulted from eliminating 
the best alternative and then perform the ANP again to determine the second best alternative after the best 
alternative excluded. This is called one-by-one elimination and it is repeated until there are only two remaining 
alternatives. AHP and ANP can only provide the rank, but when it comes to deciding more than one alternative; 
optimal result may not be obtained. This problem in decision analysis has been discussed by Russell (2007) in the 
Borda Count Method [15]. In this business funding selection case, there are five main criteria to be used: market, 
management, risk, legal, and financial. Legal aspect will be used in both initial selection process and the ANP 
selection. Proposals ranking and result will be analyzed in term of its sensitivity to the rank composition. 
4. Result and discussion 
Data collection has been performed employing focus group discussion, questionnaire sheet, and interview. It has 
resulted two critical factors to be used in the initial selection process of business funding proposals: 1) the legal 
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status of the proposing enterprise and 2) the enterprise’s business permit. In this case study, the initial selection 
using Buffa & Sarin approach has successfully reduce the number of funding proposals from 126 to 27 proposals. 
This 27 proposals continued to the ANP selection. The ANP used 5 groups of criteria as explained in Table 1 while 
the relationship within criteria is described in Fig. 2.  
 
 
Fig. 2. Criteria relationship diagram 
 
Table 1. Criteria in the selection process 
Code Criteria Group Code Criteria Definition 
A Financial 
A1 Funding amount Total amount of funding needed by MSMEs 
A2 Rate of Profit Sharing Willingness to share its profit with the company (in percentage) 
A3 Equity MSMEs’ total amount of equities 
A4 Profit Profit of each MSMEs 
B Management 
B1 Workforce Total workforce of MSMEs 
B2 Cooperation Performance in the previous cooperation 
C Risk 
C1 Debt Service Ratio (DSR) Ability to pay 
C2 Coverage Ratio of collateral’s monetary value with amount of loan 
D Market D1 Market Type Market type of MSMEs, captive market or others 
E Legal E1 Legal Document Legal document owned by MSMEs’ in term of its businesses 
 
Instead of the original process, different approach was also used to rank alternatives using ANP. This process 
was performed by removing the best alternative, and redo the ANP again to determine the best alternative among the 
remaining alternatives. This approach is performed to check whether the result remain relevant because changes of 
the rank composition due to removal of one or more alternative. The result has shown that when an alternative is 
ranked 7, it does not mean that it will be the first when the above 6 are removed. Detailed changes in rank based on 
one-by-one elimination method and the original rank from ANP is exhibited in Table 2.  
Table 2. Comparison of the two results of ANP 
Ranking 
MSMEs’ Unique Code 
Ranking 
MSMEs’ Unique Code 
One-by-One 
Elimination Rank 
Original Rank 
One-by-One 
Elimination Rank 
Original Rank 
1 06 06 15 03 19 
2 04 04 16 23 23 
3 16 16 17 01 25 
A11
A22
A33
A44
B11 B22
C1C1
C2C2
D11
E1E1
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Ranking 
MSMEs’ Unique Code 
Ranking 
MSMEs’ Unique Code 
One-by-One 
Elimination Rank 
Original Rank 
One-by-One 
Elimination Rank 
Original Rank 
4 26 26 18 19 20 
5 14 14 19 22 17 
6 02 02 20 25 22 
7 18 24 21 17 03 
8 24 27 22 20 05 
9 27 18 23 05 11 
10 13 15 24 10 09 
11 15 13 25 09 10 
12 08 21 26 07 12 
13 11 01 27 12 07 
14 21 08    
 
4.1. Changes in criteria’s weight 
To check how sensitive the result of alternatives rank when a criterion changes, sensitivity analysis is performed. 
Section below will described the changes of each criterion and its effect to the overall ranking. To illustrate the 
influence of criteria in the change of overall rank, we use total changes as a measure. Total changes is the total of 
rank changes in each alternatives if compared with the original one. This value will be used to indicate which 
criteria that have the most and least effect to the ranking. Table 3 shows that A2 and A1 contribute the most 
significant influence to the result while C1 has the least effect to the result. 
 
Table 3. Total changes of each criterion 
Criteria A1 A2 A3 A4 B1 B2 C1 C2 D1 E1 
Total Changes 320 321 177 199 216 182 137 269 165 201 
4.2. Number of alternatives and the resulted ranking 
As discussed earlier in Section 3, ANP produces inconsistent rank when dealing with the selection of more than 
one alternatives among many other alternatives. Table 3 shows that out of 27 alternatives, 19 were ranked 
differently when using one-by-one elimination method. For example alternative 18, it was ranked 9 when using 
original ANP. However, when 6 top rank alternatives were removed from the list, alternative 18 came out as the best 
alternative among the remaining alternatives. In fact, the original ranking has put alternative 24 in rank 7 which was 
actually expected to come out as the best alternative when the top 6 alternatives were removed. Somehow it was not 
the case. In this analysis, the ranking was consistent up to 6 alternatives.  
To further understand this phenomenon, we try to redo the ANP after removing 5 alternatives of the highest 
ranks, 5 alternatives of the lowest ranks, and 5 alternatives of the lowest ranks. The result summarized in Table 4 
shows that small changes have been produced when the available alternatives change. The changes are mostly in the 
middle to lower ranks and it includes only small shifting instead of massive changes. However, in a very important 
decision that may result in a great different of impacts, this slight change can be very critical to notice. To sum up, 
ANP performs better in the decision-making process where only small number of alternatives will be selected, for 
example less than 5 in this case. 
Table 4. Result from exclusion of several proposals 
Ranking 
MSMEs’ Unique Code 
Original 
5 Highest Rank 
Removal 
5 Middle rank 
Removal 
5 Lowest Rank 
Removal 
1 6  6 6 
2 4  4 4 
3 16  16 16 
4 26  26 26 
5 14  14 14 
6 2 2 24 2 
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Ranking 
MSMEs’ Unique Code 
Original 
5 Highest Rank 
Removal 
5 Middle rank 
Removal 
5 Lowest Rank 
Removal 
7 24 18 15 24 
8 27 24 27 27 
9 18 27 2 15 
10 15 15 18 18 
11 13 13 13 13 
12 21 21  21 
13 1 8  8 
14 8 1  1 
15 19 23  19 
16 23 19  23 
17 25 25 25 25 
18 20 3 20 20 
19 17 20 22 17 
20 22 22 17 22 
21 3 11 3 3 
22 5 17 5 5 
23 11 5 11  
24 9 9 9  
25 10 10 10  
26 12 12 12  
27 7 7 7  
4.3. ANP and budget constraint 
When using ANP in a multi-criteria decision making, it only produces ranking for available alternatives. 
Additional judgement and analysis that include constraints and information which cannot be accommodated in the 
ANP may be required by the decision maker to finally reach the final verdict. In this case study, the budget limit 
applies to the problem. To model the real condition, we used the budget limit of 10 billion IDR. For analysis 
purpose, four scenarios were developed: 1) fund the alternatives that ranked highest, 2) fund the alternatives that 
ranked highest based on one-by-one elimination method, 3) fund the lowest amount of funding needed, and 4) fund 
the highest possible expected return. The expected return can be calculated by multiplying the MSME’s expected 
profit and the profit sharing percentage.  
In the first and second scenario, the budget will be spent on the highest ranks while the remaining available 
budget will be allocated to the next rank with suitable amount of budget. The results of all scenarios are exhibited in 
Table 5. 
Table 5. Result of scenario 1 
Scenario Selected Alternatives Expected Return (a) Required Funding (b) a to b ratio 
1 6, 4, 16, 26, 14, 2, 18, 15, 13, 21, 1, 25 1,749,031,082 9,890,000,000 17.68% 
2  6, 4, 16, 26, 14, 2, 18, 15, 13, 15, 8, 21 1,977,542,383 9,850,000,000 20.08% 
3 
22, 1, 21, 25, 3, 20, 12, 17, 6, 8, 10, 13, 
14, 19, 9, 16, 18, 15, 23 
1,784,425,818 9,679,653,842 18.43% 
4 6, 4, 8, 27, 13 1,878,556,651 10,000,000,000 18.79% 
 
Based on Table 5, the second scenario gives the highest value of expected return to required funding ratio, while 
scenario 3 allows greater amount of proposals to be selected. To define which scenario is best really depends on the 
objective of the company. Same ANP results may lead to a different final decision.  
5. Conclusion 
This research has implemented ANP in the case study of a funding proposals selection process involving several 
criteria. Based on the analysis, ANP result is consistent when it is used to select a best single alternative. 
Furthermore, we found that the rank provided by ANP changed when we remove one or several alternatives. We 
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also performed a sensitivity analysis to see the change in rank affected by change in available alternatives. Shifting 
in overall rank was found although it was not a major change. However, in a case where decision related to the 
selection of more than one alternatives is deemed sensitive, the use of ANP should be revisited. From the case study, 
we found that ANP is relatively consistent when it is used to select one or few (or 5 in this case study) alternatives 
among a number of available alternatives. In addition, the use of rank produced from ANP may need additional 
judgement and analysis before finally the decision is made. Budget constraint and number of selected alternatives 
are typical factors to be added for consideration in the case of a venture capital company.  
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